, The transformation vector contained the excisable aadA selection cassette (flanked by 483 bp direct repeats) inserted in close proximity to the target. The desired site-directed mutation of the phosphorylation site is shown with a star. After biolistic chloroplast transformation and homologous recombination, transformants were selected on spectinomycin and subcultured repeatedly until homoplasmy was confirmed by genotyping. Loss of the aadA cassette by recombination between the 483 bp repeats was allowed by subculturing in the absence of spectinomycin until the strains were homoplasmic, as confirmed by genotyping. A. Maximum quantum yield of photosystem II (Fv/Fm = (Fm-Fo)/Fm). Cells were grown in TAP medium in the dark. B. Quantum yield of photosystem II (φPSII = (Fm'-Ft)/Fm') at different light intensities (32, 140 or 450 µE m −2 s −1 ). Cells were grown in the dark in acetate medium (TAP), transferred to minimal medium (HSM) and incubated for 1h in low light (6 µE.m -2 .s -1 ) before aliquots of the cells were exposed to the specified light intensity for 5 minutes to allow φPSII to stabilize. Each value is the average of three measurements on two independent lines of identical genotype (+/-SD). Significant differences in Student's t-test between the control strains and the wild type, or between the mutants and their respective controls, are indicated (+: p<0.05; *: p<0.01). Figure 3 . Immunoblot analysis of thylakoid proteins. Cells were grown in the dark and total protein extracts were analyzed by SDS-PAGE followed by immunodetection with antisera against subunits of photosystem II (CP43 (PsbC), D2 (PsbD), PsbH or D1 (PsbA)), photosystem I (PsaA) and light-harvesting complex II (LhcbM5), as well as ATP synthase (AtpB) used as a loading control. Two independent lines are analyzed for each mutant genotype, and the immunoblots shown are representative of two independent experiments. Lower amounts of the wild-type extract (33%, 10%) are also loaded alongside for calibration of the immuno-detection. A non-specific band that cross-reacts with the D1 antiserum, but is still present in the deletion strain Fud7, is marked with an asterisk (*).
(A) Alanine substitution in CP43 (PsbC) (B) Alanine substitution in D2 (PsbD) (C) Alanine substitutions in PsbH. The two H Taa strains were also grown at 60 µE m −2 s −1 (ML) for comparison to the dark-grown samples. (B) Wild-type (WT), control (H TTS ) and PsbH mutant lines (H aaS , H Taa ) were grown in low light (to allow accumulation of PSII in H Taa ), dark adapted for 1h and exposed for 1h to medium light (60 µE m -2 s -1 ). Total protein extracts were separated by PhosTag-PAGE followed by immunodetection with PsbH antiserum. Two independent lines are shown for each mutant genotype. As a reference for the migration of the fully de-phosphorylated protein, a total protein extract of cw15 cells was treated in vitro with the non-specific protein phosphatase λ and loaded alongside (λ Pase). The immunoblots shown in A and B are representative of two independent experiments. Cells were grown in the dark, and then subjected to photoinhibition at 1450 μE m −2 s −1 for 30min followed by recovery at 15 μE m −2 s −1 for 120 min (gray shading). The maximum quantum yield of PSII (Fv/Fm) was determined at each time-point (after 2 minutes of dark adaptation) and normalized to its value before the treatment (t = 0). Each time-point is the average of four measurements on two independent lines of identical genotype (+/-SD). Significant differences at each time point were determined using Repeated Measures ANOVA and a post-hoc test with Bonferroni's correction (+: p<0.005, *: p<0.001). A. Maximum quantum yield of photosystem II (see Fig. 2 ) of strains with alanine substitutions in two or three proteins compared to the respective controls. B. Quantum yield of photosystem II (see Fig. 2 ). Each value is the average of three measurements on two independent lines of identical genotype (+/-SD). Significant differences in Student's t-test between the control strains and the wild type, or between the mutants and their respective controls, are indicated (+: p<0.05; *: p<0.01). In each panel a mutant with alanine substitutions in two or three proteins (solid line) is compared to the corresponding control containing only the footprints of the recycled cassette at the respective loci (dashed line). Cells were grown, treated and analyzed as in Fig. 6 .
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